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Test–Retest Reliability of the Isernhagen Work Systems
Functional Capacity Evaluation in Patients With Chronic
Low Back Pain
S. Brouwer,1;6 M. F. Reneman,1 P. U. Dijkstra,1;2 J. W. Groothoff,3
J. M. H. Schellekens,4 and L. N. H. Go¨eken1;5
The aim of this study was to investigate test–retest reliability of the Isernhagen Work System
Functional Capacity Evaluation (IWS FCE) in a sample of patients (n D 30) suffering from
Chronic Low Back Pain (CLBP) and selected for rehabilitation treatment. The IWS FCE
consists of 28 tests that reflect work-related activities like lifting, carrying, bending, etc.
In this study, a slightly modified IWS FCE was used. Patients were included in the study if
they were still at work or were less than 1 year out of work because of CLBP. Participants’
mean age was 40 years, the duration of low back pain ranged between 5 and 10 years.
Fifteen patients (50%) were out of work for a mean of 17 weeks, and they all received
financial compensation. Two FCE sessions were held with a 2-week interval in between.
Means per session, 95% confidence intervals of the mean difference, one-way random Intra
Class Correlations (ICC), limits of agreement, Cohen’s kappa and percentage of absolute
agreement were calculated where appropriate. An ICC of 0.75 or more, a kappa value of
more than 0.60 and a percentage of absolute agreement of 80% were considered as an
acceptable reliability. Tests of the IWC FCE were divided into tests with and tests without
an acceptable test–retest reliability on the basis of the kappa values, the percentage of
absolute agreement and the ICC values. Fifteen tests (79%) showed an acceptable test–
retest reliability based on Kappa values and percentage of absolute agreement. Eleven tests
(61%) showed an acceptable test–retest reliability based on ICC values.
KEY WORDS: reliability; chronic low back pain; functional capacity evaluation; disability assessment; work.
INTRODUCTION
Chronic low back pain (CLBP) is an endemic problem in modern Western society. The
costs of chronic low back pain are enormous and can be attributed to direct and indirect costs
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of health care. Many patients suffering from CLBP are unable to work, thereby contributing
to the total costs associated with CLBP. A major aim of rehabilitation treatment in these
patients is to improve work ability. Therefore, in order to evaluate treatment outcome, the
ability to work has to be assessed. Assessment of work-related abilities and disabilities
in patients suffering from CLBP is not an easy task. To assess an individual’s functional
abilities to work, a number of functional capacity evaluations (FCEs) are available. FCE’s
are test batteries aimed at measuring functional abilities to work safely and productively (1).
One of the more well-known FCEs is the Isernhagen Work System (IWS) FCE. The
IWS FCE consists of 28 tests that reflect work-related activities such as lifting, carrying,
bending, etc. These tests are based on the job factors of the Dictionary of Occupational
Titles (DOT), a publication of the United States Department of Labor (1,2). This dictionary
describes the physical activities (job factors) that a job requires in a systematic way, by
means of physical demands analysis.
To determine whether the IWS FCE can be used as an instrument to assess work-related
rehabilitation outcome in patients suffering from CLBP, the reliability of the instrument,
amongst other psychometric properties, has to be known. Parts of the IWS FCE already
have been tested for their reliability. In a test–retest design, “lifting” and “carrying” have
been found to possess a good reliability (3,4). The intraclass correlations ranged from 0.77
to 0.94. Pushing static and pulling static also appeared to possess good test–retest reliability
(5), as does the measurement of maximum holding times (6). However, no studies are
available that investigated all tests of the IWS FCE. The aim of this study was to investigate
test–retest reliability of all tests of the IWS FCE in a sample of patients suffering from CLBP.
METHODS
Subjects
Subjects were 30 consecutive patients diagnosed with CLBP (24 males, 6 females), se-
lected for rehabilitation treatment by physiatrists of the Center for Rehabilitation at Gronin-
gen University Hospital and who agreed to participate. Inclusion criteria were non-specific
CLBP and being still at work or less than 1 year out of work because of CLBP. All patients
were referred for treatment in a rehabilitation center between May 2000 and April 2001. The
mean age of the patients was 40 (SDD 8.1 years). The duration of low back pain ranged be-
tween 5 and 10 years. Fifteen patients (50%) were out of work and all of them were receiving
financial compensation. Patients were out of work for a mean of 17 weeks (SD D 19.2).
Procedure
Demographics and medical history were obtained of all subjects. Two FCE sessions
were held with a 2-week interval. After an introduction of the FCE procedures and after
signing informed consent, the patients were briefly instructed on how to perform each test.
The evaluator first demonstrated each test. In this way, a total of 28 tests were performed
(Table I). The patients were asked to perform the tests to the maximum of their abilities.
Testing could be terminated for four reasons: 1) It was explained that they were allowed to
stop the procedures at any point if they wished to do so, for example because of insecurity or
pain; 2) A heart rate monitor was worn by the patients throughout the test procedures. A test
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Table I. Description of the activities of the Isernhagen Work Systems (IWS) FCE
FCE activity Description Scoring
Lifting 5 lifts from table to floor v.v.; 4–5 weight
increments; <90 s.
Max amount kg lifted
Overhead lift 5 lifts from table to crown height v.v.; 4–5
weight increments; <90 s.
Max amount kg lifted
Short carry two-handed 5 carries 1.5 m.; waist height; 4–5 weight
increments; <90 s.
Max amount kg carried
Long carry two-handed 1 carry 20 m.; waist height; 4–5 weight
increments; <90 s.
Max amount kg carried
Long carry right-handed 1 carry 20 m.; waist height; 4–5 weight
increments; <90 s.
Max amount kg carried
Long carry left-handed 1 carry 20 m.; waist height; 4–5 weight
increments; <90 s.
Max amount kg carried
Pushing static Static full body push; 3 repetitions average kgF
Pulling static Static full body pull; 3 repetitions average kgF
Pushing dynamic Pushing a weighted cart over 10 m including
2 turns
Safely possible yes/no
Pulling dynamic Pulling a weighted cart over 10 m including
2 turns
Safely possible yes/no
Overhead work test⁄ Standing with hands at crown height;
manipulating nut/bolts
Time position is held (s)
Forward bend test standing⁄ Standing with 30–60– trunk flexion;
manipulating nut/bolts
Time position is held (s)
Forward bend test sitting Sitting with 30-60– trunk flexion;
manipulating nut/bolts, max. 5 min
Time position is held (s)
Kneeling Maintaining kneeling posture; knees 90–
flexion, hips straight, max. 5 min.
Time position is held (s)
Crawling Ambulate 3 m on hands and knees, then
replace small object from floor to table
height while in crawling position; 10 reps.
Able yes/no
Crouching Maintaining position with knees and hips fully
flexed, max 1 min.
Time position is held (s)
Dynamic bending⁄ Repetitive bending at hips and back; remove
small object from floor to crown height
20 reps.
Time needed to perform
20 reps (s)
Dynamic squatting Repetitive squatting with full flexion at knees
and hips; remove small object from floor to
crown height 20 reps.
Time needed to perform
20 reps (s)
Rep. rotation standing right⁄ Remove object horizontally at table height
from left to right with left hand/arm;
distance wing span; 30 reps.; standing.
Time needed to perform
30 reps (s)
Rep. rotation standing left⁄ Remove object horizontally at table height
from right to left with right hand/arm;
distance: wing span; 30 reps.; standing.
Time needed to perform
30 reps (s)
Rep. rotation sitting right⁄ Remove object horizontally at table height
from left to right with left hand/arm;
distance wing span; 30 reps.; sitting.
Time needed to perform
30 reps (s)
Rep. rotation sitting left⁄ Remove object horizontally at table height
from right to left with right hand/arm;
distance: wing span; 30 reps.; sitting.
Time needed to perform
30 reps (s)
Walking⁄ Shuttle walk test; increase speed per minute Max. meters walked
Stair-climbing Ascend and descent 100 steps; no handrail; Able yes/no
Ladder-climbing⁄ Ascend and descent stepladder with 5 steps
with use of hands
Able yes/no
Balance Walking over a 10 £ 300 cm balance board;
forward, backward, heel to toe, sideways
(6 ways; total mistakes)
Able with less than 6
mistakes yes/no
Sitting tolerance 30 min uninterrupted sitting, minor weight
shifts allowed
Able yes/no
Standing tolerance 30 min uninterrupted standing, minor weight
shifts allowed
Able yes/no
Note. (Items marked (*) are modified from the standard IWS FCE protocol) Rep: repetitive; max: maximal; sec:
seconds; kg: kilograms; kgF: kilograms force; v.v.: vice versa; m: meters.
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was terminated when the patient’s heart rate met or exceeded 85% of his/her age-related
maximum; 3) The evaluator terminated testing if it became unsafe. Unsafety was defined
as a situation in which the patient was not in full control of himself/herself and/or the load;
4) For some tests, a time limit caused the patient to stop (i.e. crouching, max 60 s). After
each test procedure, the evaluator recorded the results. One evaluator who had completed a
formal FCE training course and had performed over 200 FCEs evaluated all FCEs. Time,
day, and place of assessment were held constant for the two FCE sessions. Each session
lasted between 2–3 h. The present study was approved by the institutional review board.
In this study, a modified IWS FCE was used (7). Instead of two consecutive days
of testing, one test session was performed on a single day, because the test results on the
second day only marginally differed from those of the first day (8). The tests on pushing
and pulling dynamic, crawling, walking, stair climbing, and ladder climbing were slightly
modified (Table I). Minor modifications were made to the overhead work test and the
forward bend test standing, with patients being instructed to hold these postures as long as
possible (6). The ceiling of these tests was set at 15 instead of 5 min because otherwise too
many patients reached this ceiling and did not perform to the maximum of their capacities.
Other tests that were modified are marked (*) in Table I. The performance criteria were
stricter than the original protocols, without changing the essence of the tests. The scoring
of the tests was elevated from a dichotomous (able yes/no) to an interval level (seconds
needed to perform an item). This enabled us to use more powerful statistics. Grip strength
and hand coordination tests were excluded because it was assumed that these tests could
not be limited due to CLBP.
Data Analysis
Three types of tests can be distinguished in the IWS FCE: those without criterion or
ceiling, those with a criterion, and those with a ceiling. Tests without criterion or ceiling
are the material-handling tests and the shuttle-walk test. For the material-handling tests and
shuttle-walk test, means, standard deviations, 95% confidence intervals, one-way random
Intra Class Correlations (ICC), and limits of agreement were calculated (9).
A criterion indicates that a test is fulfilled when a criterion is met. For instance, the test
“pushing dynamic” has a criterion that a subject is able or unable to safely push a weighted
cart over a distance of 20 m. Repetitive rotation also has a criterion—the time needed to
perform 30 rotations.
A ceiling indicates that the test is terminated because the patient had met what is
defined to be the maximal time of performance. For instance, the overhead work test has a
ceiling at 15 min. The test was terminated when the subject reached 15 min. In that case,
patients have not performed to their maximal ability.
For all tests with criterion or ceiling effect, the number of subjects was determined
who met the criterion or the ceiling for each test session. On the basis of these dichotomous
results, Cohen’s kappa’s were calculated as well as percentages of absolute agreement of
subjects with identical test behavior. Cohen’s kappa’s could not be calculated when the
filling of the 2 £ 2 tables was incomplete.
For the tests with a criterion, the following additional procedure was followed: if a
patient reached the criterion in sessions 1 and 2, the times needed to reach the criterion in the
sessions were used for further analyses, and means, standard deviations, 95% confidence
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intervals, ICCs, and limits of agreement were calculated. Data of patients not meeting
the criterion were excluded from the analyses. No further analyses were performed on
dichotomous data.
For tests with a ceiling, another procedure was followed. If a patient reached the ceiling
in sessions 1 or 2, the data of that subject were excluded from further analysis because the
maximal performance of that patient could not be analyzed. Of the remaining patients,
means, standard deviations, 95% confidence intervals, ICCs and, limits of agreement were
calculated. An ICC of 0.75 or more was considered a measure for acceptable reliability
(10–13). A kappa value of more than 0.60 was considered an acceptable reliability (14).
Arbitrarily, a percentage of absolute agreement of 80% or more was also considered an
acceptable reliability. All analyses were performed in SPSS.
RESULTS
Of the 30 subjects included, 27 subjects completed both sessions. Three patients did
not attend session 2, stating that they did not feel capable of any manual handling due to
LBP. Partial data sets were obtained from two subjects because of lack of time to complete
testing, and these are reflected in the number of subjects per test in the tables.
Material-Handling Tests and Shuttle-Walk Test
The results of the test–retest reliability of the material-handling tests and shuttle-walk
test yielded ICC values ranging from 0.75 to 0.87 (Table II). Limits of agreement ranged
from 14.4 to 21.4 kg. Limits of agreement could not be calculated for the shuttle walk test
because there was a systematic difference between the first and second sessions (9).
Criterion and Ceiling Tests
The results of the reliability of tests with a ceiling or a criterion are presented in
Tables III and IV. Kappa values of 0.60 or higher were found for seven tests (Table III). For
seven tests, kappa could not be calculated because of lack of filling of the cells in the 2£ 2
tables. Percentage of absolute agreement varied from 78 to 100% (Table III). The results of
the additional analyses of the tests with a ceiling or a criterion are presented in Table IV. Of
the six tests with a criterion, the ICC values ranged from 0.39 to 0.82. Only dynamic squatting
reached the level of 0.75. Limits of agreement values ranged from 13.1 to 23.3 s. For the four
tests with a ceiling, the ICC’s ranged from 0.36 to 0.96 (Table IV). Only one test (forward
bend test standing) reached the level of 0.75. The limits of agreement ranged from 63.4 to
102.2 s. For one item (the overhead work test), limits of agreement could not be calculated
because of systematic differences between the first and second sessions. No further analyses
were performed on the kneeling test, because only 11 subjects did not met the ceiling.
Summary of the Results
All 28 tests of the IWC FCE were divided into tests with and tests without an acceptable
reliability on the basis of the kappa values, the percentage of absolute agreement and on
the basis of the ICC values (Table V). Based on kappa values and percentage of absolute
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Table V. Overview of the Reliability of the Items of the Modified IWS FCE
Kappa, agreement % Intra Class Correlation
Items Analysis Reliability Analysis Reliability
Lifting N/A N/A ICC high acceptable
Overhead lift N/A N/A ICC high acceptable
Short carry two-handed N/A N/A ICC high acceptable
Long carry two-handed N/A N/A ICC high acceptable
Long carry right-handed N/A N/A ICC high acceptable
Long carry left-handed N/A N/A ICC high acceptable
Pushing static N/A N/A ICC high acceptable
Pulling static N/A N/A ICC high acceptable
Pushing dynamic Kappa not calculated, agreement
(%) high
acceptable N/A N/A
Pulling dynamic Kappa not calculated, agreement
(%) high
acceptable N/A N/A
Overhead work test Kappa not calculated, agreement
(%) high
acceptable ICC low not acceptable
Forward bend test standing Kappa not calculated, agreement
(%) high
acceptable ICC high not acceptable
Forward bend test sitting Kappa high, agreement (%) high acceptable ICC low acceptable
Kneeling Kappa low, agreement (%) low not acceptable N/A N/A
Crawling Kappa high, agreement (%) high acceptable N/A N/A
Crouching Kappa high, agreement (%) high acceptable N/A N/A
Dynamic bending Kappa high, agreement (%) high acceptable ICC low not acceptable
Dynamic squatting Kappa high, agreement (%) high acceptable ICC high acceptable
Rep. Rotation standing right Kappa low, agreement (%) high not acceptable ICC low not acceptable
Rep. Rotation standing left Kappa low, agreement (%) high not acceptable ICC low not acceptable
Rep. Rotation sitting right Kappa high, agreement (%) high acceptable ICC low not acceptable
Rep. Rotation sitting left Kappa high, agreement (%) high acceptable ICC low not acceptable
Walking N/A N/A ICC high acceptable
Stair climbing Kappa low, agreement (%) low not acceptable N/A N/A
Ladder climbing Kappa low, agreement (%) high acceptable N/A N/A
Balance Kappa not calculated, agreement
(%) high
acceptable N/A N/A
Sitting tolerance Kappa not calculated, agreement
(%) high
acceptable N/A N/A
Standing tolerance Kappa not calculated, agreement
(%) high
acceptable N/A N/A
Note. N/A: not applicable.
agreement, 15 of the 19 tests (79%) showed an acceptable agreement. Based on ICC values,
11 of the 18 tests (61%) showed an acceptable reliability.
DISCUSSION
Material-Handling Group and Shuttle-Walk Test
All eight tests of the material-handling group and the shuttle-walk test had ICC values
above 0.75. This indicates that the variance in the test results between patients is consid-
erably higher than the variance in test results within subjects. The ICC is a ratio between
the signal (between-subject variance) and the signal plus noise (within-subject variance).
Based on these ICC’s, it can be concluded that these tests are reliable. However, the ICC
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only expresses how well two observations are likely to classify a patient consistently relative
to the other patients (15). The ICC value provides no indication of the magnitude of the
disagreement between two observations (within patient variance: “noise”) (16). To deter-
mine the magnitude of disagreement on an individual level, the limits of agreement were
calculated (9). The limits of agreement of most of the material-handling tests were large.
This means that the “noise” was relatively large, despite high ICC values. For example, for
lifting an ICC value of 0.81 was found, but the limits of agreement were §19.8 kg (mean
performances 31.0 and 29.3 kg). In other words, approximately 95% of all differences
within subjects will lie between §19.8 kg.
Large limits are the result of a large within-patient variance. This variance can be at-
tributed to the testing procedure, differences in interpretation of the evaluator, measurement
errors and random error of the testing procedure, or to other factors such as the patient,
differences in test behavior due to disparities in pain or motivation, or within-patient ran-
dom errors. Without formally controlling for this, we hypothesize that a major part of the
variance can be attributed to the patient (3). Because the limits of agreement for the IWS
tests have not been investigated before, it is not possible to compare our results with those
of other researchers. Therefore, we decided that, based on a statistical decision (ICC), the
material tests and the shuttle walk test are reliable. However, a considerable amount of noise
should be taken into account when interpreting the test results clinically.
Criterion and Ceiling Tests
For seven tests, kappa values and percent agreement were good (forward bend test
sitting, crawling, dynamic bending, crouching, dynamic squatting, repetitive rotation sitting
right and left). For seven other tests, kappa values could not be calculated due to lack of filling
of the cells (pushing dynamic, pulling dynamic, overhead work test, working static standing
forward, balance, sitting tolerance, and standing tolerance). However, their percentages of
absolute agreement were very high (96–100%), and are therefore considered reliable as
well. For three tests, kappa’s were (far) below 0.60 and percentage of absolute agreement
above 0.80 (repetitive rotation standing right, left, and ladder climbing), and for two tests
(kneeling and stair-climbing) kappas as well as percentage of absolute agreement were
below the criteria for acceptance. An explanation for this discrepancy is probably the lack
of variation in cell fillings (13). In our study there is a large proportion of agreement, most
of which is limited to only one of the possible rating choices. Under this limited variation,
only one decision can make the difference between poor and excellent reliability expressed
as a kappa. In our study this phenomenon has resulted in some low kappa values and (very)
high percentage of absolute agreement. The use of percentage of absolute agreement has
its limitations as well, because it does not take into account the agreement that is expected
to occur due to chance alone (16). Cohen’s kappa, on the other hand, corrects the observed
agreement for the agreement that is expected by chance. Because both measures of reliability
contain their strength and their limitations, it was decided to apply both in this study.
Before analysis, patients who reached the ceiling in sessions 1 and 2 were excluded
for further analyses because the maximal performance could not be analyzed. If a patient
reached the criterion in sessions 1 and 2, the time needed to reach the criterion was used
for further analyses. Those subjects who did not reach the criterion were excluded. Only
two tests (forward bend test standing and dynamic squatting) reached the ICC level of
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0.75. Two tests show ICC values of 0.72 (forward bend test sitting and dynamic bending).
Therefore, the reliability of these tests is disputable. For six tests, ICC values were low.
The limits of agreement (Table IV) are relatively smaller compared to those of material
handling tests (13.1–17.7 s). Of the tests with ceiling or criterion effects, only one test
(dynamic squatting) shows a high ICC and small limits of agreement. Based on a statistical
decision (ICC), only forward bend test standing and dynamic squatting are reliable. For
static standing, a large amount of within-patient variation (“noise”) should be taken into
account when used clinically.
Similar relationships were found between kappas or percentage agreement (high val-
ues) and ICC’s (low values) for the overhead work test, repetitive rotation sitting right and
left. This indicates that a high percentage of similar test behavior (reaching a ceiling or a
criterion, or not) does not predict high ICC’s (quantitatively the same test behavior in the
two sessions). These measures for reliability describe clearly different aspects of reliability.
The tests of the IWS FCE were acceptable to all subjects and required no specialized
equipment. Some patients reported an increase in pain while performing tasks, others re-
ported it 1 or 2 days after the testing day. Two weeks separated the first and second testing
sessions. In this time period no significant change in work ability was expected, yet time was
allowed to lessen recall of the previous test results and to recuperate from the first test session
(12). Despite the use of the same evaluator for both test sessions, significance differences oc-
curred between both sessions for the shuttle-walk test and overhead work test. This indicates
that the first session may have influenced the results of the second session. It can be debated
whether this influence is a form of physiological training or that knowledge of the first test
session by the patients influences their test behavior in the second test session. Furthermore,
these significant differences may have occurred by chance due to multiple statistical testing.
For the other tests, no significant difference occurred. Conflicting results were found for the
repetitive rotation tests. For rotation sitting right and left high kappa values were found (0.87
and 0.78, respectively) while for standing right and left lower kappa values were found (0.51
and 0.58, respectively). These differences in kappa values cannot be explained satisfactorily.
Selection bias may have influenced our test–retest results. In 1 year, out of approxi-
mately 100 patients who met the selection criteria, only 30 were willing to participate. Main
reasons for not participating were that testing would take too much time. As a result, only
those subjects who were motivated and had time participated in our study. This means that
our study sample, and therefore also test–retest reliability, may differ from the population
in clinical practice. In this study, protocols were used that were slightly modified from
the original IWS FCE. Reliability of the original IWS FCE tests should be analyzed in
future research. Basically, the IWS FCE is a set of tests with very heterogeneous properties,
ceiling and criterion tests. In analyzing the reliability, different types of analysis had to
be performed and sometimes arbitrary decisions had to be taken. This resulted in rather
complex results which could not be interpreted simply. Changes in the testing procedure,
for example to eliminate ceiling-effects, may improve reliability.
CONCLUSION
Test–retest reliability of 15 tests (79%) of the modified IWS FCE was acceptable
based on kappa values and percentage of absolute agreement. For 11 tests (61%), test–
retest reliability was acceptable based on ICC values.
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